waste spoil tips and the application of imported topsoil (Paschke et al., 2003) . Many sites, however, contain large 
D
emands fo r mineral resources by society are linked, polyacrylamide is water soluble, and is used as a continually growing, and have led to an increased flocculant, for example to reduce soil erosion. The crossincidence of severe land disturbance and consequently linked polyacrylamide used in this study, prepared from a search for ecologically responsible reclamation techbis-acrylamide and acrylamide, is not water soluble but niques (Winter-Sydnor and Redente, 2002) . Tips of blocky is capable of absorbing very large quantities of water hard rock waste (here defined as containing greater than to form a gel. Hydrogel is a cross-linked anionic copoly-95% by weight of stones larger than 10 cm in diameter) mer, consisting of a saturated C backbone with amide are inhospitable to plant growth because of their poor and carboxylate side groups. When hydrated these side water-holding capacity and limited capability to supply groups form both positive and negative charges, which nutrients. Early suggested reclamation solutions for these have the potential to retain ionic nutrients and thus afwastes (e.g., planting into a pocket of peat-based comfect their availability to plants and their loss through post; Sheldon, 1975) have proved unsustainable as they leaching. provide insufficient fine material to meet the water and/or Safety concerns have been raised over the use of nutrient demands of growing plants. Solutions implehydrogel in reclamation schemes because newly manumented on some sites have included the regrading of factured hydrogel contains monomeric acrylamide, a known neurotoxin and carcinogen (International Agency for Research on Cancer, 1994) , and there may also be penclips, and thus were less steep and contained a greater (35ЊC) over an extended period (Holliman et al., 2005) .
proportion of fine material at the surface than the east-and
In addition, acrylamide is known to possess a short halfwest-facing slopes. A contrast was therefore planned between life in soil (Lande et al., 1979) . On this basis, we expected south-facing slopes and east-or west-facing slopes. Within each the risk of ground water contamination by acrylamide block, three plots of either 4 ϫ 5 m or 7 ϫ 3 m were marked to be small.
out. The study consisted of three treatments that were assigned
Processing of quarried rock often yields fine particuto each of the three plots at random. Two or three trees per late material. While this waste is denser than hydrogel, species were planted in each plot. Three types of tree were used it has the advantage of being available in large amounts in the trial, namely willow cuttings and common alder and at working quarries and is generally free from weed
Italian alder seedlings. The trees were planted into 3 L of peat-free compost enclosed within hessian bags, a strategy that seeds, so fine processing waste could be used directly to has proved successful on areas with finer substrate elsewhere increase the quantity of fine material at pocket plantin the quarry. Planting directly into the substrate would have ing sites.
resulted in near-certain death of the trees in the case of the The objective of this study was to evaluate the potencontrol treatment, because of the large proportion of air-filled tial use of hydrogel and slate processing fines (SPF) to space in the substrate on the experimental site (Sheldon, 1975) .
improve the survival rate and growth of trees planted gel and SPF do not reduce the uptake of available nutriof slate processing fines into which the same controlled-release ents by plants.
fertilizer had been previously mixed at a rate of 13.1 g per tree, in addition to the 2.8 g L Ϫ1 in the compost bag. The SPF is a by-product of slate processing and had a particle-size distri-
MATERIALS AND METHODS
bution of 70% sand, 11% silt, and 19% clay, equivalent to a Site Description sandy loam texture, and an organic C content of 0.2%, total N content of Ͻ0.01%, bulk density of 1.41 g cm Ϫ3 , pH of 8.1, Penrhyn Quarry is the largest slate extraction facility in Euand Olsen P of 2 mg kg Ϫ1 . rope and is located in Bethesda, North Wales, UK (53Њ11Ј15″ N, Treatment 3 (hydrogel) was identical to Treatment 1 except 4Њ4Ј45″ W). The entire quarry site covers an area of approxthat 150 g of dry hydrogel (Aquastore; Vitagrow Ltd., Lancaimately 265 ha of which approximately half is covered by shire, UK), and no SPF, was added to the bottom of a preexmineral extraction (slate) waste tips. The average elevation is isting or prepared hollow in the surface of the slate waste tip 200 m above mean sea level, mean annual precipitation is above which the compost-filled bags were placed. Coarse-grade 2260 mm, mean annual air temperature is 9.3ЊC (minimum anionic polyacrylamide gel was used (4% Ͼ 4 mm and 10% Ͻ of Ϫ6.0ЊC, maximum of 29.5ЊC), and mean annual ground 1 mm, anhydrous) with sodium as the associated cation. The temperature at a 10-cm depth is 9.9ЊC. The waste tips typically amount of added hydrogel was calculated to be sufficient to exceed 10 m in thickness and consist mainly of stones and supply the water requirements of a tree with a 1-m 2 canopy, blocks (maximum length ϭ 10-1000 mm). There is little evitranspiring at 2 mm d Ϫ1 , for 4 wk without rain. The same condence of fine material on the surfaces of the tips and presumtrolled-release fertilizer was similarly mixed with the hydrogel ably most of this material has been lost from the surface due before placement at a rate of 13.1 g per tree, in addition to the to water erosion. Waste tipping in the study area within the 2.8 g L Ϫ1 in the compost bag. quarry was performed in the 1950s and the area was largely
The tree species used were selected for their ability to coloundisturbed for more than 40 yr before the study, but vegetanize slate waste tips. The willow, Salix caprea ϫ S. cinerea ϭ tion development through primary succession was very limited S. ϫ reichardtii A. Kerner, is a natural hybrid that was obdue to the poor water and nutrient holding capacities of the served to be a common early colonizer of finer areas of slate substrate. A point survey showed that only 1.3% of the site waste on the study site. It has a broad distribution on disturbed had plant cover, consisting mainly of mosses and small crassuhabitats in Britain and is an effective colonizer of bare ground, lacean acid metabolism (CAM) plants (Sedum spp.), the rest due in part to the rapid growth of its saplings relative to those being bare rock with no trees. Areas within the quarry where of other woody species (Grime et al., 1988) . Common alder similar waste was tipped in the late 19th century still have a [Alnus glutinosa (L.) Gaertner] has also performed well in very low density of established trees.
slate waste revegetation projects (Sheldon, 1975) . Its natural populations are most common on moist soils, and it is confined
Design and Construction
to streamsides in drier climates (Claessens, 2003) . However, Claessens (2003) also observes that the capacity of common Experimental reclamation test plots were established in alder to produce a large and deeply penetrating root system March 2001 on an area of freely draining, blocky slate conenables it to exploit a large volume of soil allowing successful sisting of three small penclips (elongated mounds built up by growth on relatively dry sites, and this species has been used forward tipping) and the gullies between them. The site was successfully on reclamation sites that are quite dry; it is relaisolated using an electric fence to prevent grazing by sheep.
tively drought tolerant after the seedling stage (Grime et al., The experiment was laid out in a randomized complete block 1988). Italian alder [Alnus cordata (Lois.) Duby] is very droughtdesign. The site was divided into nine blocks, three on each resistant and tolerant of infertile soils (Curto, 1976) , as demonof three slope directions: approximately south-, west-, and east-facing. South-facing slopes consisted of the tops of the strated by nursery drought experiments by Borghetti et al. 1989) , and has an extensive root system (Claessens, 2003) . drained on filter paper, and water potential was measured after equilibrating for 48 h. Italian alder was introduced to Britain in 1820 and has long been used in France for forest restoration, where it has been Ammonium, nitrate, phosphate, and potassium sorption isotherms were determined by equilibrating hydrogel or SPF in found to tolerate comparatively dry and infertile soils (Matthews, 1987) . It also has the advantage of being unpalatable solutions of NH 4 Cl, KNO 3 , KH 2 PO 4 , and KCl, respectively. Hydrogel was added at a rate of 1 g hydrogel L Ϫ1 to solutions to sheep (Bending et al., 1999) . Alder species show rapid early rates of growth, and their capacity to act as soil improvers containing 0, 0.2, 0.4, 0.6, 0.8, or 1.0 mmol L Ϫ1 N, P, or K at pH 7.0, shaken for 2 h, and left to equilibrate for 48 h after (through improved nitrogen and soil organic matter content and physical structure) has been long recognized (e.g., Matwhich the supernatant was recovered for analysis. Concentrations of NH 4 ϩ and NO 3 Ϫ , PO 4 3Ϫ , and K ϩ were determined with thews, 1987; Moffat and Roberts, 1989) . Common alder, gray willow (Salix cinerea L.), and goat willow (S. caprea L.) all have a San 2ϩ segmented flow autoanalyzer (Skalar, Norcross, GA), colorimetrically according to Murphy and Riley (1962) , and widespread distributions across Europe (including UK); however, the native range of Italian alder is confined to southern using a PFP7 flame photometer (Techne, Burlington, NJ), respectively. Amounts in the sorbed phase were calculated as Italy and Corsica (Gamisans, 1983) .
Willows were planted as fresh hardwood cuttings (approxthe difference between the amount initially supplied and the amount remaining in the supernatant after equilibration. Sorpimately 12 cm long ϫ 3 cm in diameter), obtained from a single tree that had colonized nearby slate waste. Alders were tion isotherms for SPF were obtained using the same procedure, except that the SPF-to-solution ratio was 1 g to 5 mL planted as nursery-raised 1-yr-old seedlings, 20 to 30 cm in height. Common alder trees were of local provenance. Where of solution. Analyses of total carbon and nitrogen, plant-available nutripossible, bags were placed into crevices in the waste to reduce wind exposure, but rearrangement of stones was avoided. The ents, pH, and electrical conductivity were performed on the compost used in planting bags, before addition of controlledmost favorable planting positions within each plot were chosen subjectively for all treatments.
release fertilizer. These analyses were also performed on old compost, SPF, and hydrogel recovered 42 mo after tree plantMortality and growth of trees were assessed on 17 Oct. 2001 , 21 Aug. 2002 , and 29 Oct. 2003 . Trees that had no living ing. Carbon and nitrogen contents were measured using a CHN2000 analyzer (LECO, St Joseph, MI). Plant-available leaves or green buds were considered to have died. Stem height was measured as the vertical distance from the stem phosphate and cations were measured using the Mehlich 3 extraction procedure (Mehlich, 1984) . Electrical conductivity base to the highest living point. Stem basal diameter was measured above the zone of basal thickening and converted and pH were measured in a 1:1 (v/v) soil to water suspension after shaking for 30 min (Rhoades, 1996) . Hydrogel and SPF to basal area assuming circular stems; for multiple-stemmed trees, stem basal areas were summed. Total basal area is a samples were also recovered 42 mo after tree planting and the same chemical analyses were performed. The water content of reliable indicator of tree shoot biomass (Rowe and Cadisch, 2002) . For willow cuttings, the diameters of regrowing shoots old hydrogel at saturation was determined by equilibration with excess distilled water, weighing, and then ashing the samwere measured, rather than the diameter of the cutting.
Mortality and growth were analyzed separately for each ple for 3 d at 500ЊC to determine the hydrogel content. The phosphorus content of Italian alder leaves from the year. Mortality (numbers of dead or missing trees as a proportion of the number planted) was analyzed with the IRREML experiment after 42 mo was determined by the ignition method (Kuo, 1996) . Leaves from Italian alders established on a deep procedure (Engel, 1997) using Genstat (Payne et al., 1987) . The significance of differences was tested using the Wald stasoil site were also analyzed for comparison. tistic and pairwise comparisons were made using the RPAIR procedure (Thissen and Goedhart, 2002) . Tree mortality caused RESULTS the design to become unbalanced and so growth data for the first two years were analyzed using the AUNBALANCED Tree Survival procedure, using a randomized complete block design. After three years, too few trees remained alive for growth data During the first year, tree species effects were domianalysis. nant (Table 1) . A higher proportion of trees were established from planted common alder seedlings than from willow cuttings and from planted Italian alder seedlings Characterization of Hydrogel, Slate Processing (P Ͻ 0.001). Planting of trees into SPF significantly inFines, and Compost creased their survival during the first year (P Ͻ 0.05);
Using hydrogel to fill large pores within an effectively inert in contrast, the planting of trees together with hydrogel substrate represents a novel and extreme use of the hydrogel, had no significant effect on the rate of mortality (P Ͼ in which its properties are not buffered by contact with soil.
0.05). The effect of slope aspect had no significant imTherefore, it is important to understand the mechanisms by pact on tree survival in this or subsequent years (P Ͼ which pure hydrogel affects plant water and nutrient supply.
0.05). Species and substrate treatment effects were clearer
To determine the water release characteristics of hydrogel, distilled water was added to the dry polymer in ratios of 2, 3, by the second-year (2002) The sample was then weighed, and water content was determeasurements there were two periods when there was mined after drying at 105ЊC for 24 h. For SPF, distilled water no significant rainfall (Ͻ0.5 mm) for more than 2 wk was added to successive 5-g samples in different ratios by weight, until saturation was reached. Saturated samples were (Fig. 1) . Tree mortality between these sampling dates was prone to variability because of dieback and resprout-
2003
ing of some trees (Fig. 2) . After the first year's growth, area between species was that common alders were larger § Letters indicate significant differences (␣ ϭ 0.05) for the main effects.
than willow (P Ͻ 0.05). Willows sprouted long, slender
Hydrogel and Slate Processing
shoots during the first year, taller than the other species, Fines Water-Holding but by the second year crown height was similar for all three species (P Ͼ 0.05). Substrate amendment treat-
The great majority of the water held by the hydrogel ments did not significantly affect crown height in the was retained at potentials between field capacity (Ϫ0.05 first year (P Ͼ 0.05), but basal area was increased by MPa) and wilting point (Ϫ1.5 MPa), and so was availthe addition of both hydrogel and SPF fillers in the first able to plants. At equilibrium, new hydrogel retained and second years (P Ͻ 0.01), and by the second year 367 g water g Ϫ1 dry hydrogel, while at the wilting point trees planted without hydrogel or SPF were also shorter the hydrogel retained only around 4 g water g Ϫ1 (Fig. 3) . (P Ͻ 0.01). Interactions between tree species and subThis is consistent with the hydrogel product specificastrate amendment treatments were not significant, and tion that around 95% of the water held in the hydrogel there was little variation in growth between blocks of is plant-available. The field capacity of SPF was similar to that of a coarse-textured soil at 0.30 g water g
Ϫ1
, but different aspect. water content at wilting point (0.01 g g
) was lower ently undergone some compaction, with measured bulk density of 1.65 g cm Ϫ3 , but this was very variable and so than expected. This implies that SPF contains fewer very small pores than a soil with similar particle-size distribunot significantly different from the starting bulk density (1.41 g cm Ϫ3 ). tion, so a smaller proportion of the water it contains is at a potential at which it is unavailable to plants.
After 42 mo in the field, the saturated water holding Hydrogel, Slate Processing Fines, and capacity of the hydrogel had reduced to 56 g water g Ϫ1
Compost Nutrient Contents dry hydrogel. Organic matter additions did not cause The compost used in planting bags was not rich in the initial carbon content of the SPF (0.20%) to increase nitrogen, phosphorus, or potassium (Table 2) , illustratsignificantly (Table 2) , and are therefore unlikely to have ing the importance of the additions of controlled-release increased water-holding capacity. The SPF had apparfertilizer. After 42 mo in the field, the compost was further depleted in the main plant nutrient elements. However, the concentration of phosphorus in leaves of Italian alder at this time (mean for surviving trees on SPF and hydrogel treatments) was 1.23 mg g
, not different (t test; P Ͼ 0.05) to that in trees on deep soil (1.17 mg g Ϫ1 ). Slate processing fines maintained a good supply of base cations, particularly calcium, and a correspondingly high pH. Cation concentrations in recovered hydrogel also remained high on a dry weight basis, particularly sodium, which was the main cation in the hydrogel when supplied.
Hydrogel and Slate Processing Fines
Nutrient Retention Characteristics unit dry mass, as derived from fitted Langmuir curves, was greater for cations than for anions (Fig. 4) . This is increased their growth (doubling the growth in stem basal area of the surviving trees compared with untreated trees consistent with the expected prevalence of surface negative charges on the SPF. The hydrogel used in the study by the end of the second year). Excavation of two expired trees from each treatment revealed that roots did contained amide and carboxylate side groups. At pH 7, the carboxylic acid groups would be expected to be denot extend beyond the planting material, whether this was a single bag or a bag plus additional amendment. protonated to produce R-CO 2 Ϫ (the external pH being above the pK a of the carboxylic acid), and the nitrogen of
The larger volume of material in the SPF treatment lead to larger rooting extents than in the other two treatthe amide groups protonated to produce R-C(O)NH 3 ϩ (the external pH being below the pK a of the amide).
ments. The extra volume provided by hydrated hydrogel was small, although grains of more desiccated hydrogel Thus both anions and cations can be sorbed by the hydrogel, but there is a preference for the latter. In comparison were present within a greater volume of the tip. Together with the death (rather than stunting) of the trees, this with the SPF data where saturation of the surface available sorption sites is clear, the relatively constant slopes of suggests that the poor success rate was due to exhaustion of water-holding capacity. the Langmuir curves for both anionic and cationic nutrients in the hydrogel show that its exchange sites are
The expected positive effect of hydrogel on tree survival, observed in other reclamation trials (Hü ttermann not approaching saturation over the measured range of solution concentrations. This is further evidenced by the et al. , 1999; Chen et al., 2004) , was not seen here. However, hydrogel did increase the growth rate of the surmaximum sorption, which was very much greater (at least 400 times) by hydrogel than by SPF. This relates viving trees. Hü ttermann et al. (1999) also reported an increase in growth of up to threefold in Aleppo pine to the macro and molecular structure of the hydrogel, which holds a large volume of water within a relatively (Pinus halepensis Mill.) seedlings in hydrogel-amended sandy soil, compared with unamended soil. Whitbreadsparse polymer network giving this material a huge internal surface area, with a large number of exchange Abrutat (1997) found, in contrast, that hydrogel failed to enhance tree growth in the reclamation of metalliferous sites on the charged side groups. If sorption is expressed per unit volume of matric solution, ionic affinities are mine wastes, but in that trial its failure to exclude toxic metals was the cause rather than its inability to supply more comparable (Table 3) , but remain high for NO 3 Ϫ and NH 4 ϩ in hydrogel. Thus while hydrogel is likely to water. Even if the proportion (4%) of trees treated with hydrogel surviving after 3 yr in this study is typical, this be an excellent buffer for PO 4 3Ϫ and K ϩ , moderating their release and slowing leaching while maintaining adequate may still represent an important improvement over the 0% survival of untreated trees. The use of hydrogel for solution concentrations, it may interfere with the availability of nitrogen for plant uptake. similar extreme applications may therefore still be worth developing, particularly in view of its enhancement of tree growth, relatively low cost (approximately US$6 kg
), lightweight and portable nature, and potential to improve performance through mixing with Survival rates of trees during the first two years were reasonably high (more than 50% of those planted as seedother soil-forming materials. At least some of the increase in tree growth caused lings survived), considering the almost complete lack of intrinsic water-holding material visible at the surface of by inserting SPF or hydrogel below their planting bags was presumably due to the Osmocote fertilizer added to the waste tip before the treatments were applied (e.g., fine particles or organic matter). However, there were these materials. Because of the low inherent fertility of the blocky slate waste, tree growth is greatly improved no long periods (Ͼ12 d) without rain during these years. In the third year, mortality was much greater, probably by addition of nutrients as well as water-holding materials (Sheldon, 1975) . Tree roots were commonly observed due to the combination of episodic drought and increasing water demand from the trees as they grew larger.
growing through both the SPF and hydrogel (Fig. 5) , allowing access to the extra reserves of nutrients mixed Mortality in all three seasons was significantly reduced when SPF was added between the compost bags into with them. This demonstrated that the treatments tested did not fail because the hessian bags created a discontiwhich the trees were planted and the underlying blocky slate substrate, despite the fact that SPF had significantly nuity acting as a barrier to root growth into adjacent media. In fact, any hessian in contact with rock or other and supply water to tree roots. The mortality data show material decayed within a few weeks under the condithat in the field the SPF was more successful in doing tions on the site, allowing direct contact between the this than the hydrogel. In the laboratory, by comparison, compost and media. Indeed, Hü ttermann et al. (1999) new hydrogel was able to take up significantly more water reported that hydrogel increased the incidence of adventhan SPF. The discrepancy may be due to inefficient use titious, more highly branching roots compared with the under field conditions by trees of water held within the root system of Aleppo pine seedlings grown in control hydrogel, because of discontinuities caused by swelling, soil. The fact that roots were observed to grow freely shrinking, and slipping down into voids within the tip. both within the mass of hydrogel and within individual Slow water diffusion into the interior of the large hydrohydrogel grains demonstrates that sufficient oxygen was gel grains may have limited the proportion of the rainfall able to diffuse through the hydrogel, perhaps a consethat was taken up. However, when exposed to saturation quence of the large grains of this hydrogel and the very by water, its uptake by the hydrogel was rapid (from ancoarse and open soil matrix.
hydrous to full capacity in under 30 min), so it seems The primary function of the SPF and hydrogel was unlikely that water uptake was limited by the diffusion to retain water between field capacity and wilting point rate. The limited lifetime of hydrogel under field conditions is another factor. While hydrogel can remain in The moderate to high sorption constants for the major plant nutrients per unit volume (Table 3) show that new This is necessary when using hydrogel because this material may rapidly become ineffective in the field, partichydrogel and SPF are both likely to be effective at retaining nutrients and preventing their loss through leaching.
ularly if exposed to extremes of temperature or ultraviolet light. A severe reduction in its water-holding capacity Neither material completely restricts plant nutrient availability, but hydrogel may reduce availability of NO 3 Ϫ and was observed in the current study. Another problem, revealed by excavation of expired trees, was that much of NH 4 ϩ . This may explain the slower growth of some species with hydrogel, although if nitrogen were limiting the hydrogel had been washed, fallen, or otherwise moved into inaccessible positions within the blocky matrix. This one would expect a stronger effect on willow than on the N-fixing species and this is not the case (Fig. 2) . The happened despite the large grain size of the hydrogel, and might have been even more rapid had a finer grade slower growth of Italian alder and the increased mortality of all species with hydrogel compared with SPF is of hydrogel been used. Retention of hydrogel or granular composts within the blocky matrix might be reduced more probably related to effects on water retention than on nutrient availability.
by mixing with other materials, particularly fibrous composts or inert fibers. Placement of the hydrogel in the field in a dry state did not cause extra mortality in comparison with trees
The increased growth rates of trees achieved by adding fertilizer will lead to a more rapid exhaustion of the grown in its absence. While dry hydrogel will theoretically continue to withdraw water from the compost-filled water resource, but benefits for root growth and penetration seem likely to outweigh this effect. In the current planting bag until it has reached an equilibrium, which might imply a drop in water potential within the bag to bestudy, adequate amounts for the duration of the observation period of the major plant nutrients and trace elelow wilting point, in practice there is little capillary contact between the compost in the bag and the hydrogel ments were supplied in the controlled-release fertilizer, at least for the treatments with additional amendments. until the latter has been wetted by rain. It would however be advantageous to apply hydrogel when a period Analysis of the leaf phosphorus concentration in Italian alder 42 mo after planting revealed no difference beof rain is expected.
For hydrogel to work effectively in the drought-prone tween trees in the study and trees growing on deep fertile soil. Although it is possible that periods of nutrient environment of waste rock tips, tree roots would need to encounter fine particulate matter in the core of the tip deficiency occurred during the growth of the trees, the normal phosphorus concentrations in leaves, together within 18 mo after planting. Rapid root establishment is also essential in view of the growth and increasing water with the failure of the nitrogen-fixing alders to outperform the nonfixing willows, suggest that nutrient defidemand of the trees, which reduce the time for which the water in an isolated planting pocket can sustain the tree.
ciency was not a major cause of stress and mortality compared with water deficiency. However, such limitatherefore utilize this material as a resource for improving tree establishment, where access permits. The effections would reduce growth at later stages of tree establishment. Nutrient availability could be increased by regtiveness of SPF may be increased further by blending it with compost, or other soil conditioning material. Hydroular fertilizer additions (including trace elements), or by increasing the amount supplied initially. The buildup of gel proved ineffective as an amendment in the long term, but if modified to reduce exposure to UV or extremes of organic matter from root and leaf material is also likely to be important for developing the capacity of the planttemperature, the method may have some potential for less accessible sites. Hydrogel may be better used mixed ing pocket to retain and supply nutrients for further tree growth.
with other lightweight materials, or in larger quantity. The success of pocket planting techniques on blocky Survival in the long term depends on the distribution of fine material deeper within the tip, and the severity of waste depends on tree roots reaching sufficient waterholding material in the tip interior before the tree is episodic drought. At this site on deep 50-to 100-yr-old slate tips, natural tree establishment at a low density [eskilled by drought. This is made more likely by increasing the size and nutrient content of the planting pocket. pecially of silver birch (Betula pendula Roth) and Salix spp.] is observed, with its distribution clumped in areas with a higher concentration of fine slate particles at the crown height, showing that this cheap method of plant propagation can be effective for this species. However, REFERENCES growth of alder species was more rapid. Further investigation would be required to test whether this is related a shortage of water and nutrient resources. In the absence environment. Rev. For. of SPF, such slowly-growing trees are less likely to sur- Quarries with an overproduction of rock fines should
